Several selective media were evaluated for the primary isolation and enumeration of Staphylococcus aureus from halogenated indoor swimming pool waters. Standard plate counts of the viable population and total coliform densities were also determined to ascertain their value as indicator systems. All studies were done with membrane ifiters. The most selective, accurate, and reliable medium was Vogel-Johnson (VJ) medium supplemented with 0.5% pyruvate. This medium recovered two times more typical colonies than. VJ medium alone, and subsequent identification of these well-defined black colonies proved that approximately 80% were S. aureus. The S. aureus recoveries correlated well with halogen levels and bather density use also. In contrst, VJ medium alone was 60% selective for S. aureus, and VJ medium supplemented with catalase did not increase either the percent recovery or the selectivity over that of VJ medium alone. Standard plate counts did not correlate with halogen levels, bather density, or total viable colonies. Coliforms were rarely recovered from indoor pool waters and were not considered to be useful indicators of water quality.
The usefulness of the coliform standard to determine the safety of swimming pool waters has been debated for the past three decades (10, 12, 18) . However, Staphylococcus aureus and other staphylococci have been considered better candidates for evaluating the hygienic quality of swimming pools for several reasons. They are consistently shed from the skin, mouths, noses, and throats of bathers and are opportunistic pathogens that cause a variety of infections, including boils, carbuncles, skin rashes, and eye infections (5, 23) . They are 5 to 20 times more resistant to chlorine than coliforms and also are more resistant to other halogen disinfectants than coliforms and enterococci (4, 6, 11) . The halogen resistance of S. aureus results in a longer survival time in pool water than that of coliforms, and the subsequent recovery of S. aureus should represent a more accurate assessment of pool water quality (5, 23) . For these reasons, S. aureus is considered a good indicator of pool water quality (4, 19) .
However, the use of S. aureus as an indicator of swimming water quality has been hindered because the various selective culture media used for recovery have either been too selective and did not recover many of these organisms from the halogen-stressed pool environment, or the media have not been selective enough, allowing growth of a variety of other cocci and bacilli (1, 12) .
There have been a limited number of studies for the quantitative recovery of S. aureus with membrane filtration and various selective media such as Chapman-Stone agar (CS), M-staphylococcus broth, Staphylococcus 110, VogelJohnson (VJ), and Baird-Parker (7, 12, 14) . The studies were useful but most did not rigorously evaluate this indicator organism with supporting data, such as halogen levels, bather loads, and pool filtration systems. Therefore, more quantitative studies are needed to evaluate any selective medium for the S. aureus indicator system. The recently released 16th edition of Standard Methods for the Examination of Water and Wastewater recommends the hetero-trophic plate count as the primary microbial indicator for disinfected pools and includes a supporting S. aureusmodified most probable number procedure that was not included in the 14th and 15th editions (2) .
This study is concerned with the quantitative evaluation of several different selective media for the primary isolation, recovery, and enumeration of S. aureus from the stressed environment of halogenated pool water. In addition, the measurement of physical and chemical characteristics of pool water, such as halogen levels (chlorine or bromine), temperature, and pH, are included to evaluate the conditions causing stress to these organisms. Also, we investigated how various bather densities affect S. aureus recovery as well as total numbers of staphylococci in pool water. Standard plate counts and coliform counts are included to comparatively ascertain their value in assessing the quality of swimming pool environments. We found that a selective medium quantitatively recovers S. aureus with the membrane filter procedure. Bacteriological procedures. All bacterial determinations were done in the laboratory. Appropriate volumes of samples collected from the halogenated pools were filtered through gridded 0.45-,um-pore-size membranes (GN-6; Gelman Sciences, Inc., Ann Arbor, Mich.). After filtering each sample, 0.1% peptone water was used for a rinse to reduce halogen injury to the organisms (16) . There were three replicate samples done for each trial, and the same lot of membrane filters was used within trials to reduce variability. Throughout this study the protocol outlined in Standard Methods for the Examination of Water and Wastewater (2) and Microbiological Methods for Monitoring the Environment (3) was followed.
MATERIALS
Media. All basic media used were from Difco Laboratories, Detroit, Mich. The media used for recovery studies were the following: standard plate count (SPC) agar as the control recovery medium, Endo (E) agar, mannitol salt (MS) agar, mannitol salt modified by the addition of 0.5% lithium chloride (MSLi) to increase selectivity, CS agar, VJ medium, and VJ medium modified by the addition of either sodium pyruvate (VJP) or catalase (VJC) (8, 9) . The added compounds were obtained from J. T 
RESULTS
The use of S. aureus as an indicator of swimming pool water quality is contingent upon finding a medium that can selectively recover these opportunistic pathogens while inhibiting the growth of other closely related cocci. Various strains of S. aureus, S. epidermidis, and S. hominis were grown in tryptic soy broth until log phase. The healthy cultures were diluted to 10-6 cocci per ml in pool water that was filter sterilized and dechlorinated, and then the cultures were held at 4°C before filtration. All diluted cultures were membrane filtered and placed on SPC, MS, MSLi, CS, and VJ media. A typical set of results for S. aureus and S. epidermidis is shown (Table 1 ). Although S. aureus grew on all selective media, the highest recovery of these unstressed cells was obtained with VJ medium when compared with SPC medium. Decreased recoveries, ranging from 67 to 75% were observed on CS, MS, and MSLi media. In contrast, S. epidermidis was dramatically inhibited by VJ medium, whereas little to no inhibition was observed on the other selective media tested. These results are in agreement with data reported by Favero et al. (7) .
In general, gram-positive cocci isolates that were DNase and coagulase negative and identified as Staphylococcus sp. produced small grey colonies on VJ medium, whereas typi- (8, 15) . Therefore, we reasoned that something similar would occur with halogen-stressed S. aureus cells. We collected pool samples, and after filtration the membranes were placed on VJ medium, VJC, and VJP. The results of these additions are presented in Table 2 . The samples were collected during periods of low-to-moderate pool use (20 to 60 bathers). VJP medium consistently allowed for recovery of the highest numbers of stressed cells. The addition of pyruvate resulted in well-defined black colonies that were generally larger than the colonies which developed on the other selective media tested. Recoveries on VJC and VJ medium were significantly lower than recoveries on VJP. In addition, the color of colonies on VJC ranged from grey to reddish to jet black. The latter colonies were usually smaller than those observed on VJP. We found that the VJC medium was less selective than VJP since approximately 25% of the colonies recovered were reddish in color and were identified as gram-positive bacilli. Colonies on VJ medium were small to medium in size and along with the black colonies some were grey in color. Both colors indicated the presence of gram-positive cocci. Enumeration on SPC was quite variable, showing little correlation with halogen levels.
Since the addition of pyruvate to the selective medium resulted in the recovery of significantly increased numbers of stressed S. aureus, samples were collected under different conditions of temperature, pH, free halogen, and bather density. Enumeration comparisons were made on VJ and VJP media, and also the standard test for total coliforms was performed (2) . Standard plate counts were included as a reference for the total viable population, and the results of these experiments are shown in Table 3 . We found a correlation between halogen levels, bather load, and recovery of S. aureus. Results of trials 1, 2, and 3 show that with the same halogen residual and approximately the same bather load, colonies were consistently recovered on VJ and The selectivity of VJP medium for S. aureus was also tested (20) . We found that this medium appears to be specific for gram-positive cocci. Approximately 90% of the colonies appearing on the VJP medium from both the chlorinated and brominated pools were black and glistening and were identified as gram-positive cocci. About 270 colonies were tested for glucose and glycerol fermentation and for production of DNase and thermonuclease; 81% of the colonies were identified as S. aureus (data not shown). The VJC medium was less specific for gram-positive cocci, as previously shown in Table 2 . Also, only 45% of the colonies tested from this medium were identified as S. aureus with the above tests.
DISCUSSION
Microbiological evaluation and halogen measurements should be made frequently on pool water to provide bather protection because bather density and pool filtration systems are not constant. The use of the coliform indicator system for treated indoor pool water is only partially indicative of water quality because coliforms are not normally shed from bathers nor do they readily survive a halogen environment as confirmed in this study and as shown by others (4, 7). Thus, low or zero coliform recoveries result from the membrane filtration procedure. S. aureus, an opportunistic pathogen, is VOL. 51, 1986 constantly shed from the skin and nasal-oral areas of bathers. It can survive longer in halogen environments. Therefore, it follows that the enumeration of S. aureus from pool waters samples would be a better indicator of the microbial quality of pool water. To this end, we developed a recovery medium which is specific for S. aureus. The recovery medium is the standard VJ medium supplemented with pyruvate. Pyruvate significantly increased the recovery of halogen-stressed S. aureus, thus making it highly selective for this opportunistic pathogen.
The use of SPCs has been recommended for the evaluation of swimming pools by several authors (2, 17, 22) . Our data, however, did not show a consistent correlation between bather density and the number of total colonies as indicated by Mood (17) . In warm weather, doors of indoor pools are often opened which allows dust and soil aerosols to contaminate the water. This tends to elevate the total counts and does not necessarily indicate a greater health risk. In addition, on SPC medium some colonies spread over the membrane which made enumeration difficult.
VJP proved to be the medium of choice because of good recoveries and a high degree of selectivity for S. aureus. The colonies are black, discrete, and therefore easily counted. Colony verification can be easily done by the nuclease test. This organism, therefore, serves as a direct microbiological indicator of bathing water quality and safety.
